Introduction
============

Hydrocephalus is not a single clinical entity but a complex pathophysiology with disturbed cerebrospinal fluid (CSF) circulation.[@B24] Normal pressure hydrocephalus (NPH) is a syndrome that is characterized by gait disturbance, memory impairment and urinary incontinence, and is associated with ventriculomegaly in the absence of elevated CSF pressure. Diagnosis of NPH is challenging due to the absence of pathognomonic features and the broad differential for the clinical presentation.[@B23] Various supplemental preoperative tests, including lumbar CSF tap test or CSF outflow resistance determination, were proposed to improve the accuracy of predicting a response to surgical intervention. However, the value of supplementary tests to predict which patients would benefit from placement of a shunt has not been established.[@B22]

Cisternographic studies have been in use for at least 50 years for the evaluation of abnormalities of the intracranial CSF-filled spaces.[@B3] The isotope cisternography (ICG) was previously accepted as a convenient tool to evaluate CSF dynamics,[@B9] even for a classification of hydrocephalus.[@B12] It has lost its importance in the diagnosis of NPH because of its low accuracy at predicting the outcome of shunt surgery, the radiation risk and invasiveness.[@B1][@B19] There were several reports on the complications after ICG, such as post-puncture headache, aseptic meningitis, and conus medullaris syndrome (CMS).[@B7][@B14][@B25] However, we still use the ICG as a useful diagnostic complement. We tried to evaluate the safety and value of the ICG in consecutive 175 patients with suspected hydrocephalus.

Materials and Methods
=====================

We retrospectively collected data on the medical records and ICG of 175 consecutive patients with a suspected hydrocephalus, which was diagnosed by computed tomography (CT) scans with or without magnetic resonance imaging (MRI) from January 2006 to March 2013. We obtained overall 187 cisternograms, since ICG was performed twice in 12 patients. We excluded 6 patients in whom the ICG was done for the diagnosis of CSF leakage. As the complications of the ICG, we included unwanted results directly related to the ICG procedure such as subdural injections or meningitis. We excluded shunt related complications, such as shunt infections or shunt malfunctions.

We classified the findings of ICG into four types according to the ventricular reflux and circulation time; type 1 for normal migration without ventricular reflex, type 2 for delayed migration without ventricular reflex, type 3 for transient ventricular activity, and type 4 for persistent ventricular activity ([Figure 1](#F1){ref-type="fig"}).[@B13] The size of the ventricles were measured by Evans index (EI) and the width of the third ventricle (WTV). ICG types were read by specialist of nuclear medicine.

Ventriculoperitoneal (VP) shunt was performed in 94 patients including 6 cases of revision surgery. Lumboperitoneal shunt was done in only 3 patients. Shunt surgery was performed when the symptoms of the hydrocephalus was improved after the lumbar puncture. Predicted outcome was discussed with family or relatives including failure and complications before surgery. The outcome of the shunt surgery was divided into either improved or not-improved. We evaluated the outcome and preoperative state by the Glasgow Outcome Scale (GOS). When the outcome was at least moderate disability (MD) or the patient became mobile after surgery, we graded the outcome as improved. When the outcome was severe disability (SD) or lower even after surgery, we graded the outcome as not-improved, even though there were some improvement in any symptoms.

Statistical analysis was performed using the chi-square test or Fisher\'s exact test. For the statistical significance, we divided the etiology into either known or unknown groups. Differences were considered significant if the *p* value was less than 0.05.

Results
=======

There were three cases of complication including one serious complication, CMS. An 83-year-old female patient became paraplegic due to adhesive arachnoiditis, on the 4th day after ICG (type 4) without fever. Paraplegia was not recovered. There were 2 cases of subdural injection; in one patient a CT cisternography (CTC) revealed delayed clearance of contrast media without ventricular reflex (type 2), in the other patient, VP shunt revision was performed based on the previous ICG findings (type 4).

Type 4 was the most common type, observed in 92 patients (53%). Type 3 was observed in 57 patients (33%), and type 1 and 2 were observed in 12 patients (7%) in each ([Table 1](#T1){ref-type="table"}). Type 4 was more common in patients with high (over 3.0) EI (*p*\<0.05), or wide (over 10 mm) WTV (*p*\<0.001). Types of ICG were not related to the causes of hydrocephalus, gender, or age of the patients. Shunting was more frequently performed in type 4 (71%). The rate of shunt surgery was 17% in type 1, 17% in type 2, 46% in type 3, and 71% in type 4. This difference is statistically significant (*p*\<0.0001). Surgery was more commonly performed when the cause was vascular ([Table 2](#T2){ref-type="table"}). The methods of treatment were not related to the gender, WTV, or age of the patients. There was a tendency that patients with high EI underwent surgery more often, however, this difference was statistically not significant.

After the shunt surgery, 23 patients (33.0%) were graded as the improved. Although in more than a half of the not-improved patients, there were some improvements, such as improved eye opening, eye contact, or cognitive responses, they were unable to walk. They still needed helps in usual activities of daily living (ADL). Preoperatively, the GOS of the patients was MD in 11 patients, SD in 83 patients, and even vegetative state in 3 patients. The improvement rate after shunt surgery was related to the preoperative state ([Table 3](#T3){ref-type="table"}). Although the improvement rate of type 4 was slightly higher than that of type 3, this difference was statistically not significant.

Discussion
==========

Many tests have been employed in the diagnosis of NPH, such as ICG, CTC, and MRI with or without intrathecal enhancement. However, there is no test that can establish a definitive diagnosis or predict shunt response.[@B2] CT or MRI is superior to get cross-sectional images or higher spatial resolution.[@B3] However, CTC did not provide additional diagnostic value for predicting the shunt response.[@B15] Although MRI may provide useful data, it cannot always be conclusive for diagnosis and treatment planning.[@B1][@B2][@B3] Furthermore, CT or MRI is more expensive than ICG. There are numerous dynamic test such as tap test,[@B21][@B32] CSF outflow resistance measures,[@B5] external lumbar drainage,[@B21] and intracranial pressure recording.[@B8][@B27] However, their efficacy and reliability is not fully established.[@B20]

There was one serious complication in 187 cisternograms (0.53%) in this series. Although ICG is generally considered to carry virtually no risk for the evaluation of NPH,[@B22] there were some reports,[@B14][@B20] including four cases of CMS in 472 patients (0.85%) over the five-year period.[@B25] CMS may result from a direct spinal needle injury or neurotoxicity of the radioisotope around the conus medullaris, however, the cause and mechanism of this serious complication remains unclear.[@B25] Even though the safety of ICG is questionable, it is still used as a key diagnostic investigation for intracranial hypotension or CSF leakage.[@B17][@B26][@B30] Serious complications brought legal suits in Korea. A damage suit on the CMS after ICG (case number 99gahap72342) judged partial violation of liability for explanation in Korea. In another suit (case number 2002gadan67479), the local court sentenced a partial financial responsibility of the hospital, despite of the fact that the occurrence of this exceptional complication is unpredictable. ICG might become a reluctant diagnostic procedure, even though there was a sentence that there was no illegal act on the unpredictable arachnoiditis after ICG (case number 2011da100138).

Hydrocephalus is not a single clinical entity but a pathophysiological complex with various aspects.[@B24] NPH may present a final common pathway for a number of different priming events.[@B19] There may be an undiagnosed co-existing structural dementia, such as Alzheimer\'s disease or vascular dementia.[@B11][@B29] Although there is an effort to make more contemporary classification schemes,[@B24] there has been no consensus as to a more contemporary classification scheme, yet.[@B28] Abnormal CSF dynamics are key elements of the hydrocephalus. ICG is useful to study CSF dynamics and can be a suitable diagnostic complement to help proper classification.

Shunting was more frequently performed in type 4. Type 4 was more common in patients with severe hydrocephalus; i.e., high EI, or wide WTV. Surgery was more commonly performed when the cause was vascular. Patient selection for the shunt surgery remains challenging.[@B10] In some patients, shunting was performed based on the opinion that \"they have nothing to lose,\"[@B6] although the chance of success was very low. The rate of shunting was not related to the gender, EI, WTV, or age of the patients.

The success rate of the shunt surgery was 33% in this study. In NPH, success rates of shunt vary from 33% to more than 90%.[@B31] This wide range in outcome probably reflects variations in patient selection.[@B10] Another reason of relatively poor success rate was related to the evaluating tool, the GOS. Since the majority of the patients had gait disturbance, urinary incontinence, and memory impairment, preoperative GOS of the patients was usually SD or worse. The GOS divides 5 scales including death. Even though there were some improvements, such as increased eye opening, they still needed many helps in usual ADL. The more sensitive scale may increase the improvement rate higher.[@B18] Although the GOS is too crude to evaluate the outcome of the shunt surgery, it is rather practical to reveal the actual ADL. Significant improvement was reported as approximately 29% in a review.[@B10] The improvement rate after shunt surgery was related to the preoperative state. Early diagnosis of NPH seems to be important by the fact that hydrocephalus is the second most common potentially reversible cause of dementia and lengthy delays to diagnosis are associated with an increased rate of treatment complications and even death.[@B4] It has been estimated that only 10% to 20% of patients with NPH get the appropriate specialized treatment.[@B16] The early recognition of NPH before requiring a help of someone else in ADL may increase the improvement rate.

ICG was relatively safe. Although it may cause a serious complication, the incidence was quite low. To avoid complications, lumbar puncture should be placed at the lowest lumbar spinal level possible with calcium-containing diethylentriamene pentaacetate and administer no more than 1 mg.[@B25] Although ICG could not accurately predict the shunt responders, it provided important information on the CSF dynamics.

Conclusion
==========

ICG may bring a serious complication, such as paraplegia, however the incidence is very low. Although the predictability of response rate on the shunting is relatively low, ICG is a cheap and useful tool for evaluation of the hydrocephalus.
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###### Clinical features of 173 patients^\*^ and results of isotope cisternography
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^\*^two patients with subdural injection were excluded in this table, ^†^type 1&2 were grouped as a single group for statistical comparison. WTV: width of third ventricle

###### Clinical features and methods of treatment
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^\*^two patients with subdural injection were excluded in numbers of cases, therefore, the subtotal numbers for types are different from other items. WTV: width of third ventricle

###### Clinical features and results of shunt surgery
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^\*^by Fisher\'s test. WTV: width of third ventricle, GOS: Glasgow Outcome Scale, MD: moderate disability, SD: severe disability, VS: vegetative state
